The development of reference values of trace elements is recognized as a fundamental prerequisite for the assessment of trace element nutritional status and health risks. In this study, a total of 1400 pregnant women aged 27.0 ± 4.5 years were randomly selected from the China Nutrition and Health Survey 2010 -2012 (CNHS 2010 -2012 . The concentrations of 14 serum trace elements were determined by high-resolution inductively coupled plasma mass spectrometry. Reference values were calculated covering the central 95% reference intervals (P2.5-P97. (Cd). Furthermore, some significant differences in serum trace element reference values were observed between different groupings of age intervals, residences, anthropometric status, and duration of pregnancy. We found that serum Fe, Zn, and Se concentrations significantly decreased, whereas serum Cu, Sr, and Co concentrations elevated progressively compared with reference values of 14 serum trace elements in pregnant Chinese women. The reference values of serum trace elements established could play a key role in the following nutritional status and health risk assessment.
Introduction
Trace elements are inorganic constituents needed in minute quantities but considered nutrients essential for human health. Both a deficiency and an excessive accumulation can result in multiple physiological dysfunctions [1] . It has been shown that the status of trace elements can reflect total exposure of all possible sources. The determination of specimens in humans is valuable for characterizing the body burden of metals, toxics, and nutrients [2] . Moreover, compared to environmental analyses, it is a more direct way of estimating exposure, as it can distinctly depict where stronger environmental actions or medical decisions are required. Hence, the development of trace element reference values for specific populations has long been considered a prerequisite for assessing the exposure and absorption of trace elements, despite its complexity [3] .
Pregnancy is a period of increased metabolic demands, mainly due to changes in the woman's physiology and the requirements of the growing fetus [4] . Oxygen consumption, central hemodynamic alterations, and oxidative stress are altered, contributing to a determination of the long-term health in pregnant women. Some trace element concentrations are also altered during this vulnerable period. Therein, it is worth noting that the deficiency or overexposure of certain trace elements could be detrimental to the health of both pregnant women and their fetuses [5] . Pregnant women are often exposed to inadequate macro-and micronutrition in developing countries or regions. Thus, the establishment of trace element reference values for pregnant women is essential for the assessment of trace element nutrition and potential health risks.
In general, the levels of trace element uptake are more easily affected by dietary habits, lifestyles, and environmental conditions. There is clearly a difference in trace elements in different countries and regions around the world. Germany [6] , the United States [7] , Canada [8] , and other countries [9, 10] have derived reference values of trace elements using their own data based on large-scale population-based studies. Regrettably, China has not paid much attention to trace element status. As a result, the extent of deficiency or overexposure can hardly be evaluated because no studies have been performed on a national level. Therefore, currently, a deeper health-risk evaluation of the health status of pregnant women in China in terms of trace elements cannot be performed. Fortunately, the China Nutrition and Health Survey 2010-2012 (CNHS 2010-2012) can provide trace elements profiles in all population groups in China, including pregnant women.
The purpose of this study was to obtain the concentrations of 14 serum trace elements from pregnant Chinese women and to determine their reference values according to the recommendations of the International Federation of Clinical Chemistry [11] , so as to play a key role in protecting populations at greater risk.
Materials and Methods

Study Population
The CNHS 2010-2012 is a well-designed nationally representative cross-sectional study using a multistage stratified cluster sampling method. It covered all 31 provinces, autonomous regions, and municipalities directly under the central government throughout China. The whole county was divided into urban and rural regions according to their economic status and social development. The present study was performed based on the CNHS 2010-2012, and we had randomly chosen seemingly healthy pregnant women aged 18-44 years as the study subjects in this study from the 150 monitoring sites around China.
The CNHS 2010-2012 was conducted in accordance with the principles of the Declaration of Helsinki [12] . All detailed field procedures involving human subjects were approved by the Ethics Committee of the National Institute for Nutrition and Health, Chinese Center for Disease Control and Prevention. All subjects provided consent for their participation in the CNHS 2010-2012 after the nature of the survey was explained.
Sample Collection, Preparation, and Determination
Blood samples were drawn from the antecubital vein by venipuncture into a separation gel vacuum blood collection tubes after a fasting period of 10-12 h in the morning. All blood samples were centrifuged at 1500× g for 10 min within 0.5-1 h following collection. Serum samples were then extracted and aliquoted immediately into screw-top cryogenic vials, and stored at −70 • C and subjected to repeated freeze-thaw until analysis.
In this study, all serum specimens were chosen according to the identification number of the subjects' vials labeled, taking great care to avoid hemolysis samples. The concentrations of 14 serum trace elements, namely iron (Fe), copper (Cu), zinc (Zn), rubidium (Rb), selenium (Se), strontium (Sr), molybdenum (Mo), manganese (Mn), lead (Pb), arsenic (As), chromium (Cr), cobalt (Co), vanadium (V), and cadmium (Cd), were determined by high-resolution inductively coupled plasma mass spectrometry (HR-ICP-MS) following 1:20 dilutions of 100 µL of serum with diluent containing 0.5% (v/v) HNO 3 . The detailed analytical method has been reported in previous literature [13] . During the determination, accuracy and precision were checked by certified commercial serum reference materials (Clinchek Level-1, Level-2, Recipe, Germany) and samples of manual serum sample with spiked concentrations of certain elements.
Anthropometric Status
Height and weight were measured according to a standard protocol suggested by the World Health Organization (WHO). Height was measured to the nearest 0.1 cm without shoes, using a portable stadiometer and weight was measured in lightweight clothing to the nearest 0.1 kg with a calibrated beam scale. The anthropometric status for pregnant women was classified into four subgroups according to the cutoff values of body mass index (BMI): Underweight (BMI < 18.5), Normal (18.5 ≤ BMI < 25), Overweight (25 ≤ BMI < 30), and Obesity (30 ≤ BMI) [14] .
Statistical Analysis
All calculations for determining reference values were in the light of the guidelines found in the Clinical and Laboratory Standards Institute [15] . We had employed the box plot that was used to identify possible outliers. Outliers were removed according to Dixon's test [15] . When the D/R ratio was over 1:3, the outliers were excluded from this study, where D is the absolute difference between the extreme value and the values nearest to it, and R is the range of all values. The reference values of 14 serum trace elements were expressed as the median anthinnessd the central 95% reference intervals (P2.5-P97.5). The differences in the concentrations of the serum trace elements between subgroups were further assessed using the Kruskal-Wallis test. To analyze the associations of age, residence, anthropometric status, and pregnancy with respect to serum trace elements, a general linear model factorial analysis was applied with Tukey's post hoc comparisons. All statistical analyses were performed using SAS 9.3 (SAS Institute, Inc., Cary, NC, USA). The statistical values were considered significantly different at p < 0.05.
Results
Population Characteristics
A total of 1400 pregnant women (average age: 27.0 ± 4.5 years) were randomly selected from the urban and rural regions in the CNHS 2010-2012 (Table 1 ). The study subjects were further divided into the different groupings by age interval (18-25 years, 26-30 years, and 31-44 years), residence (Urban and Rural regions), anthropometric status (Underweight, Normal, Overweight, and Obesity) and duration of pregnancy (Trimester 1: Gestation weeks < 12 weeks; Trimester 2, 12 ≤ Gestation weeks < 28 weeks; Trimester 3: Gestation weeks ≥ 28 weeks). Of these, the data of pregnant women for age intervals and anthropometric status (63, 4.5%) and for residences and duration of pregnancy (151, 10.8%) was removed for lacking of the relevant information and possible outliers. 
Reference Values of Trace Elements in Serum
The reference values of 14 serum trace elements for pregnant women from the CNHS 2010-2012 are listed in Tables 3 and 4 . In addition to the results for the total study population, information on groupings classified according to age interval, residence, anthropometric status, and duration of pregnancy is provided. Overall, the median concentration of 14 serum trace elements ranges from 133. There are some remarkable changes in the 14 serum trace element concentrations in the different groupings. Among different age intervals, the concentrations of serum Zn, Se, As, and Cd significantly increased with increasing age (p < 0.05), whereas serum Rb concentration significantly decreased (p < 0.05). Among residences, significant differences were observed in serum Se, Sr, Mo, Mn, Pb, As, and Cd concentrations between the urban and rural regions (p < 0.05). Among different anthropometric statuses, we found that there was a distinctly difference in serum Fe, Cu, Zn, Se, Sr, Co, V, and Cd concentrations (p < 0.05). With respect to pregnancy, serum Fe, Zn, and Se concentrations significantly negatively decreased as the duration of pregnancy advanced, while serum Cu, Sr, and Co concentrations markedly positively increased (p < 0.05).
Discussions
The assessment of essential and toxic elements levels during pregnancy was complicated by the dynamic physiological changes that take place in pregnant women. At present, our study had established reference values of 14 serum trace elements for pregnant women selected from the CNHS 2010-2012. It had examined the remarkable differences of 14 serum trace element reference values in terms of age interval, residence, anthropometric status, and duration of pregnancy. Furthermore, it is worth noting that the 14 trace elements have inconsistent variation in the duration of pregnancy. We found that the concentrations of serum Fe, Zn, and Se significantly decreased, whereas serum Cu, Sr, and Co concentrations progressively elevated with advanced anthropometric status and duration of pregnancy.
In our study, the reference values of 14 serum trace elements are relatively accurate and reliable, reflecting the real status of serum trace elements in the human body. One possible reason could be that HR-ICP-MS was applied and "tailored" to the serum trace elements at ultra-trace analysis, ensuring low limits of detection for its excellent characteristics [16] . This makes us able to analyze the essential and toxic elements at trace and ultra-levels in a significantly high number of serum samples, producing reliable estimations. Another possible reason is that the representative samples of pregnant women were selected from the CNHS 2010-2012. The concentrations of serum trace elements are reported in the literature for the partial elements investigated, but there are some significant differences in content when compared to analogous studies [17] [18] [19] [20] . In our study, the concentrations of serum [21, 22] , but were lower or higher when compared to those reported in other studies [23] [24] [25] [26] . As regards the discrepancy, possible reasons include different environmental factors, different socioeconomic status, different dietary patterns, different lifestyles, and racial differences.
In addition, prior to deriving conclusions on comparison, several factors were required for consideration. As mentioned, age is the one of the first parameters that can significantly affect the body burden of trace elements [27] . In this study, we observed significant variations in serum trace elements between age intervals. Moreover, the concentrations of serum Se, Sr, Mo, Mn, V, As, Pb, and Cd have significant changes by residence. Therefore, economic factors might play an important role. Similarly, the levels of some serum trace elements are significantly different in different levels of anthropometric status. It was considered that the development and progression of obesity could be involved in the dysregulation of trace element metabolism via the increase in excretion and the decrease in bioavailability or redistribution among various pools [28] . With respect to the influence of pregnancy duration, the reasons might be multifactorial. Plasma volume expansion may explain why most trace elements show a decrease in concentration. However, regarding the increase in the concentration of serum Cu, Sr, and Co, we considered that metabolic changes might cause a certain amount of trace elements to be released into the blood. For example, the increase in serum Cu with the progression of pregnancy could be partly related to the synthesis of ceruloplasmin, a major Cu binding protein, as a result of elevated levels of maternal estrogen. Another potential reason is the decreased biliary Cu excretion induced by the hormonal changes that are typical during pregnancy [29] . Apart from the above reasons, other specific reasons could also include natural background conditions, such as geographical location, climate, the composition of soil, and element concentrations in water and food.
To the best of our knowledge, there have been no national large-scale population studies of serum trace elements similar to this study. In the absence of such studies, our findings can be used to provide the baseline data on serum trace element concentrations for pregnant Chinese women. There are, however, some limitations that must be noted. Firstly, the sample size only involves 1400 pregnant women and this is relatively insufficient and cannot yield a reliably accurate estimation of pregnant women on a national level. Secondly, the concentrations of some trace elements such as Co, V, Cr, Pb, As, and Cd are at very low levels. Thus, the risk for external contamination has to be seriously considered during the process of blood collection, sample preparation, and determination. Thirdly, it is unclear as to what the status of health of the pregnant women in this study was. Thus, the influence of subclinical infections and inflammation on serum trace elements is difficult to further evaluate. Therefore, our future studies will be directed to overcome these limitations.
Conclusions
In summary, the results of this study obtained baseline data regarding 14 serum trace element concentrations for pregnant women in China based on the CNHS 2010-2012. This valuable data can help to establish the reference values of 14 serum trace elements and provide clear evidence that all of the selected elements are visibly altered when classified by age interval, residence, anthropometric status, and duration of pregnancy. Furthermore, these findings shall be useful for future research to assess the trace element nutritional status and health risks of environmental metal exposure, and to protect population in China at greater risk.
